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Abstract: In this paper, the direct digital frequency synthesizer (DDS) specifications were improved by increasing the
number of accumulator bits, increasing the memory capacity of the generated signal samples, using a DAC by increasing
the number of its bits, as well as generating different types of analogue signals in a digital way.

In this paper also, we discuss a practical mechanism of a digital function signals generator (DFSG) based on a direct
digital frequency synthesizer (DDFS) using Cyclone Il EP2C20F484C7 FPGA from ALTERA placed on education and
development board DE-1 with the following parameters:

-Output waveforms: Sin, Gaussian, Sinc, Square , Saw tooth ,Triangular, and Wight Noise Signals.
-Frequency range: (3Hz.....10000 KHz ).

-Frequency Resolution (3Hz).

-Signal amplitude (5V).

-With Reset the generator.

-Frequency of the generated signal for all types (1MHz).

Keywords: DFGS, DDFS, FPGA, DPNG, SIN, SINC ,SQUARE, SAWTOOTH, GAUSSIAN, TRIANGULAR .
l. INTRODUCTION

Forming signals with different types (sine, triangle, sawtooth, Square,...) using analogue methods (as it known) depends
on using familiar elements as transistors, ICS, resistances, coils, capacitors, control elements, and adjusting and calibrate
elements.

To change the parameters of this signals (frequency, amplitude, phase), we must change the value of the elements that
form this signals, while the digital method which form these signals depends on calculating the samples value of the
formed signal during one period by using the mathematical equation which describe the desired signal, and store this
values into digital memory to read it serially from this memory with every fixed frequency clock pulse, which determine
the frequency range of the frequency synthesizer with well-known Shannon Equation.

Frequency synthesizers have feature that we can change the parameters of the signal by changing the accessing method
to the ROM that contain the formed signal samples values (amplitude, phase) and also apply mathematical processes on
this values to change the amplitude and make the necessary modification as we will see in this paper.

In this paper a Digital Function Generator have been designed as an application on DDFS.

In Paper [1], the DDS is designed for only simulation with the following specifications:

-sinusoidal signal.

-Frequency Range: (0Hz.....160 KHz ).

-Frequency Resolution (5Hz).

In Paper [2], the author focused on reducing the size of the memory allocated to store the values of the generated signal
samples, but in this paper we do not care about the size of the memory because modern FPGA chips have a huge memory

size. Rather, we considered that increasing the size of the memory increases the accuracy of shaping the digital signal
and improves its specifications significantly.
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1. RESEARCH IMPORTANCE AND ITS OBJECTIVES

The importance of the research stems from the urgent need to use a digital frequency synthesizer in some applications,
measurement systems, and modern communication systems, as some applications require great accuracy in the value of
the generated frequency and high frequency switching rates, especially in frequency hopping systems used in wireless
communications, and this is what can be achieved through DDFS, in addition to that, DDFS gives great flexibility in
design and implementation, also is useful in greatly shortening the circuits and electronic parts used in implementation,
which facilitates the maintenance process and reduces size, weight and cost. It also reduces power consumption and the
emission of heat that is difficult to dissipate in some applications.

1. RESEARCH MATERIALS AND ITS WAYS

To design, and test the DFSG for different types of signals, the following tools and software are used:

- Cyclone 1l EP2C20F484C7 FPGA chip from ALTERA with highly accuracy, speed, and level specifications, placed
on education and development board DE-1 [3].

-DDFS which is considered as highly accuracy techniques in Sinusoidal ,
Sawtooth ,Triangular ,Square ,Gaussian ,Sinc and noise signals synthesizing on FPGA chips.

-VHDL programming language with Quartus I1.1 design environment [4].

- Design Environment MATLAB R2008a

-GDS-1052 digital oscilloscope with Free Wave program to take the results.
-PC computer for designing and injecting the design in the chip FPGA .

V. BLOCK DIAGRAM OF THE DIGITAL FUNCTION SIGNALS GENERATOR (DFSG) AND
SPECIFICATIONS

The functional diagram of the DFSG is shown in figure (1) and is composed of:
1-Direct Digital Frequency Synthesizer (DDFS) with the following specifications:
- An accumulator with an input of (n = 24) bits and an output of (b= 13 bits), which is allocated to form the reading

address from the ROM memory, according to the value of the frequency to be formed, the value of (n), and the value of
the clock pulse frequency used, according to the basic mathematical relationship of the digital synthesizer[5]:

F..*L 2" f
fOUT:%jL:F—OUT (1)
CLK

Or:

1 2" 2"

T S T AT

out CLK out ek

Where:

(four) : output frequency of DDFS , (T; ) output period of DDFS.
(n): the number of phase accumulator (bits).

(L): frequency code of output frequency (four).
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Fcuk: frequency of clock pulses generator.

-The first ROM_SIN (with a capacity of 8KB) contains (8192X8 bits) samples of the sinusoidal signal during one
cycle.

-The second ROM_ TRIANGULAR contains (8192X8 bits) samples of the triangular signal during one cycle.
-The third ROM_ GAUSSIAN contains (8192X8 hits) samples of the triangle signal during one cycle.

-The fourth ROM_ SINC contains 8192X8bit samples of the pulse signal during one cycle.

2-Digital pass-through (bass) voter with four channels (7 (8bits} x 1) to choose the signal type.

3-Digital-analogue converter (DAC) with 8 bits input to convert memory sample values from digital to analogue form.
4-Sawtooth Signal generator.

5-Square pulse generator.
6-Noise signal generator.
7-50MHz clock pulse generator.
Specifications of DFSG

-Signal types is: Sin, Sinc, Gaussian, Triangular, Square, Sawtooth and Noise signals.
-Fox =50MHz .
-Frequency Range: (3Hz.....5000 KHz )

-Frequency Resolution 5(f) [5]:

For L=1 we get :

Fax *L  50*10°*1

5(1:): 2n 224

=3HZ

-Frequency of the generated signal for all signals types equal ;(1MHz):
For fou=1MHz we get :
24 6
2" four  2%*1*10

L= = ~ —335544
F..  50*10
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Fig. 1: Functional diagram of the DFSG.
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V. THE BLOCK DIAGRAM OF THE SINUSOIDAL SIGNAL GENERATOR AND SPECIFICATIONS

The stored values of the sine signal in ROM are calculated according to the relationship [5]:

Ugy(i)= INT{(Z"H ~1).Sin (?’i(ﬂ'ﬂ (3)

For:

m =8 bits , b =13 bits , i =(0...2° —1) = (0...8191)
)= 7| (2 <2).sin (531 |t aar.sin (52
2 8192

Ugy(i)=(-127.....+127)

Then

To avoid negative values that are difficult to store in memory, we add a value off-set= 128
Uy (i)=(0.....255)

To obtain samples of the sinusoidal signal, we use (MATLAB R2008a) according to the following program section for
one period:

i=0:1:8191;
y=128+floor(127*sin(2*pi*i/8192));
plot(i,y);

grid;

title('A sin signal’);

xlabel('Time";

ylabel('Amplitude”)

Then we store these values in a notepad file and load it into the sin signal generator's ROM.

The design result of the sinusoidal signal using MATLAB program is shown on the figure (2).

A sin signal
2Ll T T T T T T T T
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—
o
L=}
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0 1000 2000 3000 4000 5000 6O0O0 7000 8000 9000
Time

Fig. 2: Sinusoidal signal using MATLAB program for one period.
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The block diagram of the Sinusoidal signal Generator in Quartus 11 9.1 design environment is shown in figure (3) [6].
DDFS_Sin, Fclk=50 MHz, n=24 bits ,ROM_8KB , Res=3 Hz, m=8 bits ,fout=1MHz -

Fout=1 MHz

altaccumulate(

Ipm_constant1 [ [~ UreeED
- ’ data[23..0] I
L T clock result{23..0] v

— ace

X

Reset_Key[0]

PiN_R22 = DC nsTS -
ROM_SIN
- lpm rom0 To DAC 8 bits
Fclk=50 MHz ot e |
- :_.:i-_ clock al7-o) — —

Fig. 3: Block diagram of the Sin Signal generator.

The design result of the sinusoidal signal generator is taken from the digital oscilloscope screen and shown on the figure
(4) for fou=1MHz.

i3 INSTEK

Frequency
Y1 1. :

1. 66

@CH1 EDGE FODC

0959, 97EkH=

Fig. 4: The sin signal on the digital oscilloscope screen.
VI. THE BLOCK DIAGRAM OF THE SINC PULSE GENERATOR AND SPECIFICATIONS

The values of the Sinc pulse that are stored in ROM are calculated according to the relationship [5]:

Ly 2" 2" L sin(z*i/T)
Ugine (1) = > +|NT{(2 D T IT) }
Ugpne (D) =§+ INT{(%—l)*sin c(z*i/T)}
i={-(2"-1).......2°} (4)

Ugpe (i) = (0.......2" —1)
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For:

m =8 bits, b =13 bits, T =1
Then:
i = (—4095.....4096)

U, (i) =128 + |NT{127*—Si”(”*”4096)}

(7 *i/4096)
U, () =128 + INT {127 *sin c(z *i/4096)}
U, . (i) = (0.....+ 255)

To obtain samples of the sinc pulse, we use MATLAB according to the following program section for (T=1):

i= - 4095:1:4096;
y=(pi*i/4096);
z=128+floor(127*sinc(y));
plot(i,z);

grid;

title('A sinc signal’);
xlabel('Time";
ylabel('Amplitude’)

Then we store these values in a notepad file and load it into the sinc pulse generator's ROM.
The design result of the sinc pulse using (MATLAB R2008a) program is shown on the figure (5-a) for (T=1) and on
the figure (5-b) for (T=2/3).
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Fig. 5-a: Sinc pulse using MATLAB program for (T=1).
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Fig. b-a: Sinc pulse using MATLAB program for (T=2/3).

The block diagram of the sinc pulse Generator in Quartus 11 9.1 design environment is shown in figure (6).

DDFS_Sinc, Fclk=50 MHz , n=24 bits , ROM_8KB ,m=8 bits, T=1, RES=3 Hz
Fout=1 MHz
altaccumulated
UNEIGNED
data[23..0]
clock ser result[23..0] *'-izé,;':i
Reset
HST Iy S \O>C aclr
PIN_R2? I nst
ROM_Sinc
Fclk=50 MHz e lpm rom0 To DAC 8 bits
PIN_L1 L

Fig. 6: Block diagram of the Sinc pulse generator.

The design result of the sinc pulse generator is taken from the digital oscilloscope screen and shown on the figure (7-a)
for (T=1, fouw=1MHz) and on the figure (7-b) for (T=2/3, fou=1MHz)
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Fig. 7-b: The sinc pulse on the digital oscilloscope screen for (T=2/3, fou=1MHZ).
VII. THE BLOCK DIAGRAM OF THE GAUSSIAN PULSE GENERATOR AND SPECIFICATIONS

The values of the Gaussian pulse that are stored in ROM are calculated according to the relationship [5]:

Ugaus (1) = INT{(2" 1) *exp(-a® *i*/ x*)}

. 2 2°

=G D P (5)
L_2%(2'12)

-3

Ugaus () = (0........ 2™ —1)
For:
a=1,m=8bits,b=13bits, i =(-4095......+ 4096)

© 1JARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 28


https://ijarcce.com/
https://ijarcce.com/

IJARCCE ISSN (0) 2278-1021, ISSN (P) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.102 :: Peer-reviewed & Refereed journal :< Vol. 13, Issue 5, May 2024
DOI: 10.17148/IJARCCE.2024.13503

Then:

L _Ax(212) _1%(2°/2)
3

Upas (i) = INT{255*exp (—i® /(1365)%)}

Ugas (i) = (O.......255)

=4096/3 =1365

To obtain samples of the Gaussian pulse, we use MATLAB according to the following program section for (a =1):

i= - 4095:1:4096;
x=power(i,2);
y=power(1365,2);
z=exp(-xly);
g=floor(255*z);
plot(i,g);

grid;

title('A Gaussian pulse’);
xlabel('Time);
ylabel('Amplitude”)

Then we store these values in a notepad file and load it into the Gaussian pulse generator's ROM.

The design result of the Gaussian pulse using (MATLAB R2008a) program is shown on the figure (8-a) for (a =1) and
on the figure (8-b) for (a =2).

A Gaussian signal
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Fig. 8-a: Gaussian pulse using MATLAB program for (a =1).
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Fig. 8-b: Gaussian pulse using MATLAB program for (a =2).

The block diagram of the Gaussian pulse Generator in Quartus Il 9.1 design environment is shown in figure (9).

DDFS_Gaussian, Fclk=50 MHz, n=24 bits ,ROM_8KB , Res=3 Hz, m=8 bits ,fout=1MHz
Fout=1 MHz
altaccumulated

Ipm constant1 data[23..0] HISIEEs

H 3355 clock o result23.0] ;":2;{::
Reset_Key[0]
i RST il aclr
PIN_R22 I

ROM_Gaussian

Fclk=50 MHz et lpm rom0 To DAC 8 bits
(B [ ﬂiiii::m”m al7.0] SUTET BT
] L

Fig. 9: Block diagram of the Gaussian pulse generator.

The design result of the Gaussian pulse generator is taken from the digital oscilloscope screen and shown on the figure
(10-a) for (a =1, fou=1MHz) and on the figure (10-b) for (a =2, fou=1MH2z).
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Fig. 10-b: The Gaussian pulse on the digital oscilloscope screen for (a =2, fou=1MH2z).
VIIl. THE BLOCK DIAGRAM OF THE TRIANGULAR SIGNAL GENERATOR AND SPECIFICATIONS

The values of the triangular signal that are stored in ROM are calculated according to the relationship [5]:
For :
m =8bits , b =13bits, i =(0...2° —1) = (0...8191)
Then:
. INT (i/16) , fori=(0....4095)
TRI ( ): ; . (6)
511—-INT(i/16) ,fori=(4096....8191)

To obtain samples of the triangular signal, we use MATLAB according to the following program section:
for x=0:1:8191;

if x<=4095

y=Ffloor(x/16);

else x>=4096
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y=511-floor(x/16);
end

q(x+1)=y;
r(x+1)=x;

end

qa

r

plot(r,q)

grid;

title('A Trianguar signal’);
xlabel('Time);
ylabel('Amplitude’)

Then we store these values in a notepad file and load it into the triangular signal generator's ROM.
The design result of the triangular signal using (MATLAB R2008a) program is shown on the figure (11).

A Trianguar signal
300 AR R AR R R A R
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—
(5]
[
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40

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Time

Fig. 11: Triangular signal using MATLAB program.

The block diagram of the Triangular signal Generator in Quartus 11 9.1 design environment is shown in figure (12).

DDFS_Triangular, Fclk=50 MHz , n=24 bits , ROM_8KB ,m=8 bits, Res=3 Hz

Fout=1 MHz
altaccumulatel
UNSIGNED
data[23..0] -
clock ace result[23..0] “;<
Reset /
{RET e aclr
B ot
ROM_Triangular
Fclk=50 MHz lom_rom0 To DAC 8 bits
(B i S - ﬂi:ir::wz'u] a[7..0] o i e eV )
[T L

Fig. 12: Block diagram of the Triangular Signal generator.
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The design result of the triangular signal generator is taken from the digital oscilloscope screen and shown on the figure
(13) for fou=1MHz.

3k INETER

Fig. 13: The triangular signal on the digital oscilloscope screen.
IX. THE BLOCK DIAGRAM OF THE SQUARE PULSE GENERATOR AND SPECIFICATIONS

Depending on the cumulative properties of the phase accumulators in DDS, square pulses can be easily formed without
using memories, according to the following functional diagram shown on figure (14).

The period of square pulses (T, ) is calculated according to the following mathematical relationship:

Tour = ! = 2* =L= 2* (7)
four  Fox *L Tour * Fax
For (four =1IMHz):
n 24
Tour = =S =lusec=L=— 2 =L =2 335544
ouT ouT I:CLK 1 50
n LSB...MSB
Code f-L [—»| PA —
n MSB Square Pulses
>

Clock
clk

Fig. 14: Functional diagram of digital square generator.

The block diagram of the Square pulse Generator in Quartus Il 9.1 design environment is shown in figure (15).
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DDFS_Square, Fclk=50 MHz, n=24 bits , Res=3 Hz ,fout=1MHz

Fout=1 MHz

) altaccumulate(

UNSIGNED

EIpm constant1 data23..0)

E clock ace resul[23..0] v,
Reset /
HET s aclr
PIN_R22 nstd .
LE=R To_Oscilloscop
;;_2..—_: Square, Cut
PIN_A13

Fclk=50 MHz
JEK ——
PIN_L1

Fig. 15: Block diagram of the Square Pulse Signal generator.

The design result of the square pulse generator is taken from the digital oscilloscope screen and shown on the figure
(16) fOI‘ fout:].MHZ

G INSTEK

Fig. 16: The square pulse on the digital oscilloscope screen.

X. THE BLOCK DIAGRAM OF THE SAWTOOTH SIGNAL GENERATOR AND SPECIFICATIONS

Depending on the cumulative properties of the phase accumulators in DDS, triangular pulses can be easily formed
without using memories, according to the following functional diagram shown on figure (17).

LSB.. MSBE

Code f-L —*
m Sawtooth
L« DAC-m bits |-» out
The most m
important bits
Clock
Feik

Fig. 17: Functional diagram of digital sawtooth generator.
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The block diagram of the sawtooth signal Generator in Quartus Il 9.1 design environment is shown in figure (18).

DDFS_Sawtooth, Fclk=50 MHz, n=24 bits , Res=3 Hz, m=8 bits ,fout=1MHz
F=1 MHz

‘Ipm_constant1 altaccumulate0

UMNESIGNED

data[23..0] o
clock result[23..0] Rt

Fclk=50 MHz

acc o
%
CLK
PIN_L1 aclr
st2
To DAC 8 bits
Reset 473 18
% . e B e TS THET ]
RET & SAWTOOTH][ |
PIN_R22

Fig. 18: Block diagram of the Sawtooth Signal generator.

The design result of the sawtooth signal generator is taken from the digital oscilloscope screen and shown on the figure
(19) for fou=1MHz.

G INSTEK

Fig. 19: The sawtooth signal on the digital oscilloscope screen.

Xl. THE BLOCK DIAGRAM OF THE DIGITAL PSEUDO-NOISE GENERATOR (DPNG) AND
SPECIFICATIONS

To generate the white noise signal, a digital pseudo noise generator DPNG is used, which consists of a shift register of
k=60 bits and clock pulses of frequency equals to sampling frequency of 50MHz with maximum periodic time

(TDPNG ) for the generated series [7]:

TDPNG = (Zk _1) *Tsam (7)
Fork=60, T, = L =i=0.02,u'$ =
Fox 50

Topng = (260 -1) *0.02*10° =2.3*10"s
Or:
Toee = 2.3*10% /(3600 * 24 *365) = 731.2 Year

Where k the number of shift register bits.
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According to the diagram shown in figure. (20), which consists of the following parts:
-Shift register of 60 bits and clock pulses with sampling frequency of 50MHz.
-Feedback circuit by using XOR gate and NOT gate.

The figure. (21) shows the formed noise signal.

DPNG_ Fclk=50 MHz, k=60 bits
noise
= — % dock | | SHESO
SHI5S] |__1l—"”'j \J?C shifen s e -
net
Reset
Res=t | — :3‘
PIN_R22
add
Felk=50 MHz QS gatar g - To DAC
il b PA - clock ?;Bj result[7..01 S
Bibl L 128 E»—J '
n=td

Fig. 20: Block diagram of the Digital Pseudo Noise Generator (DPNG).
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b By Limnit
I'l 1| |
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Fig. 21: The white noise signal on the digital oscilloscope screen.
XIl.  CONCLUSION AND RESULTS

The results of the practical design of a digital signal generator for different types of signals is shown in figure (22).
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Fig. 22 :The results of the practical design of a DFSG for different types of signals on the digital oscilloscope screen.

Based on the theoretical analysis and practical implementation that took place in this research, some important points
can be extracted, which we summarize as follows:

-The use of DDFS allows generating any signal no matter how complex, as well as achieving modulation of any type,
and processing of frequency hopping at high speeds.

- The use of FPGA in the design process allows the possibility of modifying the design, amending its specifications and
improving them according to demand easily by changing the software design only.

- Any type of signal can be formed with very high accuracy:« regardless of its complexity. We only need a formula to
describe the signal mathematically, tabular, graphical, or other.
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